A new, highly fluorescent dye was synthesised using oleylamine combined with a perylene dianhydride compound. The new dye was characterised by 1 H NMR, UVvisible spectroscopy and fluorescence spectroscopy as well as quantum yield. The dye was adsorbed onto titanium dioxide nanostructured particles for use as a fingerprint detection powder. The new fluorescent powder was applied to latent fingermarks deposited onto different non-porous surfaces and compared with commercial fluorescent powders.
Introduction
One of the most common types of physical evidence found at crime scenes is fingerprint evidence. Fingermarks at a scene or on items submitted to the laboratory may be visible or they may be latent; latent marks require enhancement for them to be adequately exploited [1] .
This work focuses on latent fingermarks on typical non-porous surfaces such as glass, plastic, metal, and gloss-painted surfaces. Fingermark residues left on non-porous surfaces are not absorbed therefore their original form is often maintained. For fixed surfaces at a crime scene, powdering remains the primary fingerprint detection method [2] . This physical method of enhancement relies on the mechanical adherence of powders to the moisture and/or oily components of the skin ridge deposits [3] .
Nanocrystalline titanium dioxide (TiO 2 ) has been investigated extensively due to its interesting optical, electrical, and photocatalytic properties. It is commonly used as a functional material, adsorbent, cosmetic, catalyst, and gas sensor [4] [5] [6] . There are several reports describing the use of TiO 2 particles in latent fingermark development. Saunders used a TiO 2 particle suspension to visualize fingermarks on porous and non-porous surfaces in 1996 [7] . It was proposed that there is no advantage in using nanoparticulate TiO 2 although limited characterization data about the particles used was presented. Wade [8] found that micronsized titanium dioxide particles gave good results developing latent fingermarks on dark nonporous surfaces where it could be used as a white fingerprint powder or a white small particle reagent. Bergeron showed that TiO 2 particles in methanol could enhance the visualisation of blood prints on non-porous and semi-porous surfaces [9] . Polimeni et al. [10] and Cucè et al.
[11] reported that suspended TiO 2 particles developed latent fingermarks on wet surfaces.
Williams [12] showed that TiO 2 could be applied in a paste form with a brush, sprayed on as a solution, or evidence could be submerged in the reagent itself to develop prints on both sides of dark coloured electrical tapes and duct tapes.
Perylene and perylene diimide compounds are widely utilized synthetic dyes. They were applied initially as vat dyes and pigments due to their chemical inertness as well as their broad 3 range of colours, red to violet and even black [13] . More recently they have been investigated as n-type semiconductors [13, 14] , in electrophotography [15] and photovoltaics [16] . Of interest to the current work is their high fluorescence quantum yield and photostability [13] [14] [15] [16] .
In a previous article [17] , we reported the use of oleylamine-stabilised gold and silver nanoparticles for visualizing latent fingermarks. These particles developed latent fingermarks on non-porous surfaces with minimal background staining. We attributed their preferential binding to the fingermark ridges, which contain oily components, to the liphophilic nature of the long alkyl chain substituents. Titanium dioxide on its own may not show good contrast on some surfaces as it is plain white, however it does deposit on fingermark ridges as mentioned above. We anticipated that combining TiO 2 particles with a robust fluorescent dye bearing lipophilic substituents may increase the utility of TiO 2 in latent fingermark detection.
In this work, we report the synthesis and characterization of a new perylene diimide derivative, the preparation of TiO 2 particles coated with the new dye, and their use as fluorescent powders for the detection of latent fingermarks.
Experimental

General
Oleylamine, imidazole, and 3,4,9,10-perylenetetracarboxylic dianhydride were purchased from Aldrich and used as received. Degussa P25 titanium dioxide was purchased from Degussa. Titanium dioxide (<5 micron particle size) was purchased from Aldrich.
A BVT 3000 Bruker Spectrospin was used as to record 1 
Preparation of dye-coated TiO 2 particles
To prepare TiO 2 coated with 1, 10 mL of a 10 mM solution of the fluorescent dye in dichloromethane was added to 0.3 g of TiO 2 particles. Immediately the TiO 2 particles turned pink. The mixture was allowed to settle and the solution decanted off and the remaining powder was rinsed six times with 10 mL of dichloromethane and the particles were allowed to dry in air.
Application to Fingermark Detection
Fingermarks were deposited after wiping fingers over the forehead in succession and then recharged with sebum from the forehead. All fingermarks were from the one donor who gave 5 good quality prints. The middle print deposited in each set was bisected for comparison between the perylene dye/titanium dioxide particles and other fingermark powders. The left hand side of deposited prints was powdered with fluorescent dye/TiO 2 particles. The right hand side of the surface was developed with either Blitz Green or Black Emerald fluorescent magnetic powders. Each pair was examined and images were taken with a Poliview image capture system (Rofin Australia) using 505 nm illumination and a 575 nm long-pass barrier filter. A microscope image in transmission mode was acquired on a Leica DMLM microscope.
Glass (microscope slides), plastic (polyethylene bags) and painted wood (from dismantled furniture) were used for comparison experiments as non-porous substrates. 6-Optitech brushes, Blitz Green and Black Emerald fluorescent magnetic powders were purchased from Lightning Powder, USA.
We anticipated that particles coated with long chain alkyl groups, providing a liphophilic surface, would be attached to the lipid components of the fingermark. To investigate this further, an oil mark experiment was conducted. Mineral oil was diluted with volatile solvents and a circular pipette tip was used as a stamp to deposit a ring on glass. The sample was allowed to evaporate at room temperature and then brushed with the fluorescent TiO 2 powder in the same fashion as described above for fingermarks. The synthesis of the new dye, 1, was achieved by modification of a literature procedure [18] . The reaction of oleylamine with 3,4,9,10-perylenetetracarboxylic dianhydride in imidazole at 160 ºC, followed by purification by silica column chromatography gave 1 in 21% yield (Scheme 1).
The 1 H NMR spectrum contains signals assigned to the perylene protons at δ 8.50 -8.63, in agreement with chemical shifts reported for similar compounds [18, 19] . A signal at δ 5.34 is assigned to the protons associated with the carbon-carbon double bonds located in the C18
chains. This chemical shift is virtually unchanged compared to that of free oleylamine. A signal at δ 4.19 is assigned to the protons directly adjacent to the N atoms. This resonance is significantly shifted compared to that of the free amine, which is observed at δ 2.68, and is consistent with the expected shielding due to the close proximity to the planar aromatic core.
The remainder of the signals assigned to the alkyl chain are seen in the region δ 0.87 − 2.01. 
Dye-coated TiO 2 particles
The new perylene dye readily adsorbs onto TiO 2 particles. A 10 mmol solution of 1 in dichloromethane added to TiO 2 particles followed by rinsing six times with dichloromethane gave a pink coloured powder. The microstructure of two different commercial TiO 2 powders was investigated using a scanning electron microscope (SEM). SEM images of the powders recorded before and after adsorption of 1 showed that applying the dye had no significant effect on aggregation, so only images of the dye-coated particles are presented here for discussion. Figure 3 shows that Aldrich (< 5 μm) particles ( Figure 3A ) and Degussa P25 TiO 2 particles ( Figure 3C ) exist predominately as aggregates of smaller particles with many larger than 10 μm. It is apparent from Figure 3B and 3D that the TiO 2 aggregates consist of quite different sized primary particles. In Figure 3B , the primary particle size varies from ~100 to 500 nm in diameter (Aldrich product), while in Figure 3D (Degussa P25) the primary particle size is close to 20 nm (as specified by the manufacturer at www.degussa.com). Thus the surface area and roughness of the Degussa particles may be expected to be much higher than that of the Aldrich particles. This may have some influence on the number of dye molecules that can 10 bind to each particle, even though the overall particle sizes are comparable. This also highlights the importance of distinguishing between genuine nanoparticles, which are distinct, non-aggregated particles with nanometer-size diameters, and nanostructured particles, which may be up to microns in diameter.
Application to fingerprints
The new fluorescent powders were applied to fingermarks on several different surfaces and The effectiveness with which powder adheres to fingermark ridges may depend on the size and shape of the particles; small, fine particles generally adhere more easily than large, coarse ones [3] . Thus, particle differences may affect the quality of fingermarks developed with powders. In comparisons of the two types of commercial TiO 2 particles coated with 1, similar performance was observed although in some cases the Degussa P25 powder produced clearer 12 fine-level development of fingermarks. Figure 5 shows an example of this. Note that tertiary level detail is clearly visible. The fluorescent dye/TiO 2 powder also gave satisfactory results when applied to fingermarks that had been kept in storage for 1 month. The detail enhancement was slightly less than with fresh prints, but the powder still revealed clear images. Figure 8 . A ring-shaped mineral oil mark developed using perylene dye on TiO 2 particles (Degussa) with 505 nm illumination and viewed using a 575 nm longpass filter.
An experiment with mineral oil demonstrated that the new powder is attracted to oily residues. Figure 8 shows a ring-shaped oil mark clearly developed using the new powder.
Development of oil marks on glass using the commercial powders described above gave similar results to those using fingermarks; the powders adhered to the oily deposit together with some background staining. Although this does not prove that the new powder exclusively targets the oily components of fingermarks, the difference in surface properties between the new powder and existing powders may account for the lack of background development using with the new powder. 
